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Antioxidant and Antibacterial Capacities of Fukugetin 
and Xanthones from Fukugi (Garcinia subelliptica) 

KOBAYASHI Hiroshi*, YAMAUCHI Ryoko*, MINAMI Ikuko*, 
KAJIYA Akiko*, NAGAFUJI Shinya* and ISHIKAWA Hiroya*§ 

* Department of food and health sciences, International college of arts and science, Fukuoka Women's University, 

1-1 - 1 Kasumigaoka, Higashi-ku, Fukuoka 813-8529 

We examined the antioxidant and antibacterial capacities of fukugetin and five flavonoids from 
Fukugi (Garcinia subelliptica). Their capacities were compared with those of known structural analogs. 
Antioxidant capacities of the compounds were determined using different assays: radical scavenging 
capacity [2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) 
(ABTS)] ; oxygen radical absorbance capacity (ORAC) ; and superoxide scavenging activity. All the 
compounds showed strong antioxidant capacity in all methods. In particular, fukugetin, a biflavonoid 
composed of the monomers naringenin and luteolin, showed highest antioxidant capacity among the 
compounds tested. The values were comparable to those of known antioxidants. In the DPPH and 
ABTS assays, the luteolin structure of fukugetin appeared to contribute to its antioxidant capacity. In 
the ORAC assay, the high antioxidant capacity of fukugetin resulted from the additive effect of 
naringenin and luteolin structures. Fukugetin also showed antibacterial capacity against some gram
positive bacteria. The minimum inhibitory concentration estimated by disk diffusion method was 0.125 
- 1 mg/ mR, which is equivalent to known flavonoids such as kaempferol or quercetin. Our results 
showed the potential of fukugetin not only as an antioxidant but also as an antibacterial agent. 

(Received Jul. 6, 2017 ; Accepted Oct. 26, 2017) 
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With a shift in consumer preference toward a 

healthy lifestyle, there is need for foods with fewer 
synthetic additives and with increased safety that in 
turn promote our health. To meet these demands, 
plants have emerged as popular ingredients and are 
replacing synthetic antioxidant and antibacterial 
agents!). The use of naturally occurring substances 

as antioxidant and antibacterial agents appears to 
be an interesting way to support this trend to 
promote our health and to reduce the incidence of 
food-borne disease. 

study, our collaborator isolated five xanthones and 
one flavonoid from Fukugi (Garcinia subelliptica) and 
some compounds showed anti-trypanosoma activity'). 

Fukugi (Garcinia subelliptica) belongs to the genus 
Garcinia. Mangosteen (Garcinia mangostana L.) is one 

of the most famous fruits in the genus Garcinia, and 
previous studies have shown that the extracts from 
its various parts contain varieties of secondary 
metabolites such as prenylated and oxygenated 
xanthones'l. Plants of the Garcinia genus have been 

used as medicinal herbs for treating diarrhea and 
suppuration since ancient times. Thus, we believed 
that we could identify some compounds with 

desirable function from this genus. In a previous 

§ Corresponding author, E-mail : ishikawa@fwu.ac.jp 

The purpose of this study was to evaluate the 
antioxidant and antibacterial capacities of the 
fukugetin and five xanthones isolated from Fukugi. 
As the antioxidative reaction in the cell involves 
several systems, such as electron transfer, hydrogen 
atom transfer, or superoxide amon scavenging, 

several assays have been developed to estimate the 
antioxidant capacity of naturally occurring 
compounds. The representative assays are as 
follows : ABTS4l , DPPH to determine electron 
transfer reaction') , the oxygen radical absorption 
capacity ( ORAC ) to determine hydrogen atom 
transfer reaction'), and WST-1 to evaluate the 

superoxide scavenging activity ( SOSA ) . The 
different antioxidant properties cannot be analyzed 
by a single assay. Therefore, it is important to 

employ different assays. In this study, we used 
ABTS, DPPH, ORAC, and SOSA assays to evaluate 
the compounds. 
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Materials and Methods 

1 . Chemicals 

NaOH, dimethyl sulfoxide (DMSO), and ethanol 

(99.5) were purchased from Wako Pure Chemical 

Industries, Ltd. ( Osaka, Japan ) 

ethylenediaminetetraacetic acid ( EDT A ) from 

Dojindo Co. (Kumamoto, Japan), and 3-(4,5-dimethyl

thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) 

from Sigma-Aldrich Co. ( St. Louis, MO, USA) . 

Fluorescein sodium salt ( FL ) , 2, 2' -azobis ( 2 -

methylpropionamidine ) dihydro -chloride ( AAPH ) , 

and 6-hydroxy-2,5,7,8-tetra-methylchroman-2-carboxylic 

acid (Trolox) were obtained from Sigma-Aldrich Co. 

(St. Louis, MO, USA). The other chemicals were of 

the highest commercially available grade. 
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2 . Plant materials and extracts 

The bark of Fukugi was collected at Ogimi, 

Okinawa, Japan in 2001. The bark was air-dried and 

powdered. The chemical structures of the 

compounds are presented in Fig. 1. Fukugetin and 

xanthones [ isogarciniaxanthone E ( IGXE ) , 

garciniaxanthone A ( GXA ) , garciniaxanthone E 

(GXE), subelliptenone A (SA), and subelliptenone B 

(SB)] were extracted as per a previously reported 

method'). 

3 . Antioxidant assay 

Antioxidant capacities of the substances were 

determined by ABTS, DPPH, ORAC, and SOSA 

assays. The ABTS assay was performed as 

previouslydescribed'). To create a standard curve, 1 

m£ of the working solution was mixed with 100 m£ 
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Fig. 1 Chemical structures and log P values of xanthones and flavonoids 
The log P value of each compound was calculated using ChemDraw software (Ver. 14. 0). 
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of Trolox solution, and the mixture was incubated 

at 30°C for 4 min. Each sample was added to the 

working solution in a similar manner. The results 

were expressed in terms of Trolox equivalent 

antioxidant capacity ( TEAC µg I mg) . The DPPH 

assay was performed as previously described81
• One 

milliliter of the working solution was mixed with 

100 me of Trolox solution in 0.1 M Tris-HCl buffer 

was allowed to react with 1 me of 0.2 mM DPPH 

solution for 30 min to prepare a standard curve. 

Each sample, instead of Trolox, was added to the 

DPPH solution and the results were calculated in 

the same manner as in ABTS assay. The ORAC 

assay was conducted as previously described '1• The 

values were expressed as micromoles Trolox 

equivalents ( TE) ( µmol TE I mg) . SOSA was 

performed according to a previously described 

method 71
, except that Kit-WST (Dojindo. Japan) was 

used. The values were expressed in terms of SOD 

equivalent antioxidant capacity ( U /mg) . The data 

are expressed as the mean ± SD. A statistical 

analysis of variance and significant differences 

among means were tested by one -way ANOV A 
followed by Tukey's multiple - comparison test 

(Tukey's honestly significant difference test). These 

statistical analyses were calculated using JMP 

( version 12.0 for windows). A P value of < 0.05 was 

considered statistically significant. 

4 . Antibacterial assay 

Antimicrobial susceptibility assay was performed 

by the disk diffusion method in Mueller-Hinton agar 

(Becton Dickinson and Company, Sparks, USA) as 

described by the Clinical and Laboratory Standards 

Institute101
• The compounds were dissolved in 99.5% 

ethanol at room temperature. The tested bacterial 

strains were Escherichia coli NBRC 3301. Escherichia 

coli O 157 : H 7 VT 1. VT 2 ( gifted by Professor 

Takahisa Miyamoto. Laboratory of food hygienic 

chemistry, Faculty of Agriculture, Kyushu 

University, Fukuoka, Japan ) , Salmonella 

Typhimurium NBRC 12529. Salmonella Enteritidis 

NBRC 3313 . Klebsiella pneumoniae JCM 1662 . 

Pseudomonas aeruginosa NBRC 3080 . Serratia 

marcescens JCM 1239. Enterobacter aerogenes NBRC 

13534, Enterobacter cloacae FHC (gifted by Professor 

Takahisa Miyamoto. laboratory of food hygienic 

chemistry, Faculty of Agriculture, Kyushu 

University, Fukuoka, Japan ) as gram - negative 

bacteria and Bacillus cereus JCM 2152, Bacillus subtilis 

JCM 1465, Enterococcus faecalis NBRC 3971, Listeria 

innocua FHC ( gifted by Professor Takahisa 

Miyamoto, laboratory of food hygienic chemistry, 

Faculty of Agriculture, Kyushu University, Fukuoka, 

Japan ) . Staphylococcus aureus NBRC 3060 . and 

Staphylococcus epidermidis NBRC 12993 as gram

positive bacteria. The agar plates were incubated at 

37°C for 18 h and the inhibitory zone was measured. 

Results and Discussion 

1 . Superoxide radical scavenging activities 

Figure 2-A presents the SOSA of the tested 

compounds. The SOSA value of fukugetin, IGXE, 

GXE. GXA, SA, and SB were 1079. 95 ± 60. 32, 

1058.90 ± 215.34, 1024.96 ± 57.83, 616.10 ± 34.32, 

897.32 ± 139.25, and 883 ± 140.22 (U/µmol). 

respectively. These values were significantly higher 

than those of quercetin (461.72 ± 64.65 U/µmol) 

and comparable to those of kaempferol (1064.62 ± 

6.44 U/ µmoO and luteolin (637.91 ± 36.10 U/ µmol), 

which have been well studied as antioxidants. 

Among the xanthones, SOSA of GXA was lower 

than those of fukugetin and other xanthones. The 

antioxidant capacity of xanthones is because of the 

free hydroxyl group in the xanthone structure. One 

of the structural differences between GXA and 

other compounds was the number of hydroxyl 

groups (GXA has three and the others have four). 

Furthermore, GXA does not have a catechol moiety 

in the molecule. MrNAMI et al. also reported that 

catechol moiety in the xanthones would contribute 

to its SOSA111
• and our results for flavonoids, 

naringenin, and kaempferol were in agreement with 

these findings. 

2. Radical scavenging capacity (DPPH and ABTS) 

ABTS and DPPH capacities of fukugetin. 

xanthones, and flavonoids are shown in Fig. 2 - B. 

ABTS and DPPH capacities (µmol TE/ µmoO of the 

compounds were 0.99 ± 0.02 and 1.95 ± 0.03 for 

fukugetin, 1.21 ± 0.04 and 1.93 ± 0.02 for IGXE, 

1.31 ± 0.06 and 1.86 ± 0.02 for GXA, 1.06 ± 0.01 

and 1.78 ± 0.01 for GXE, 1.67 ± 0.04 and 2.97 ± 

0.01 for SA, and 1.02 ± 0.01 and 1.61 ± 0.03 for SB. 

These values were comparable to those of well

studied antioxidants, kaempferol (1.09 ± 0.01 and 

1.01 ± 0.02) and luteolin (1.04 ± 0.01 and 2.26 ± 

0.01). but lower than those of quercetin (3.10 ± 

0.32 and 2.58 ± 0.09). The catechol structure of the 

compounds contributed to its ABTS or DPPH 

capacities, and the compounds have catechol moiety. 

In contrast. naringenin, which does not have a 
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Fig. 2 Antioxidant activity of xanthones and flavonoids 

SOSA (A) , ABTS (• ) and DPPH (• ) activity (B) , and 
ORAC activity (C) . Error bars indicate standard deviation of 
the mean (N = 3) . Bars with different letters are statistically 
different (p< 0.05) . 

catechol moiety, did not show any ABTS nor DPPH 

capacity. The presence of the hydroxyl groups at C

l and C-4 positions in the molecule structure was 

important for the antioxidant capac1t1es of 

xanthones12>. Thus, the high antioxidant capacity of 

SA was due to the presence of a catechol moiety in 

the molecule along with hydroxyl group at C-1 and 

C-4 positions. 

3 . Oxygen radical absorbance capacity 

Figure 2-C shows the ORAC of the compounds. 

Compared with flavonoids, xanthones had a lesser 

ORAC value. The ORAC values (µ mol TE/ µmo l) of 

the compounds were as follows: quercetin, 8.82 ± 

0.7; kaempferol, 10.15 ± 0.27 ; luteolin, 7.47 ± 0.10 ; 

fukugetin, 8. 7 4 ± 0. 25 ; xanthone, 0. 65 ± 0. 07 ; 

IGXE, 3.13 ± 0.23; GXA, 3.18 ± 0.58; GXE, 1.19 

± 0.25 ; SA, 2.24 ± 0.50; and SB, 2.01 ± 0.19. The 

ORAC value of fukugetin was comparable to that of 

kaempferol (10.15 ± 0.27), quercetin (8.82 ± 0.70) , 

and luteolin (7.47 ± 0.10) and was higher than that 

of naringenin (3.96 ± 0.35). Fukugetin is a dimer 

composed of two flavonoids, naringenin, and luteolin. 

Although, naringenin and luteolin showed ORAC, 

the ORAC of luteolin was approximately two times 

higher than that of naringenin, suggesting that the 

ORAC of fukugetin was mainly due to the ORAC 

of luteolin. 

Xanthones showed weak ORAC. In general, 

xanthones with higher oxygenation display better 

capacity than those with less oxygenation. Luo et al . 

reported that glycosylated xanthones are more 

active than those that are not glycosylated13>. The 

xanthones tested in this study did not have any 

glycosylate group but had prenylated group. 

Although there are some reports that prenylated 

xanthones have higher antioxidant capacity due to 

the increase in hydrophobicity of the molecule, all 

assays were in vivo. Our results showed that 

prenylation did not enhance the in vitro ORAC. 

4 . Antibacterial capacities of compounds 

Table 1 summarizes the antibacterial capacities of 

the compounds against gram-positive and gram

negative bacteria. Among the compounds, only 

fukugetin, SB, and IGXE showed antibacterial 

capacity against some gram-positive bacteria and 

fukugetin showed the highest antibacterial capacity. 

The estimated MIC of fukugetin was 1 mg / m£ 

against B. cereus, l mg/ m£ against B. subtilis, 500 µg / 

m£ against E. faecalis, 125 µg / m£ for S. aureus, and 

500 µg / m£ for S. epidermis. The log P value of the 

xanthones were 5.98 for IGXE, 5.91 for GXE, 5.03 

for GXA, 6.23 for SA, and 4.64 for SB. Gram-positive 

bacteria have a thick cell wall, which consists of 

hydrophilic polysaccharides that contribute to the 

penetration barrier of hydrophobic compounds to a 

certain extent. The susceptibility of gram -positive 

bacteria strongly reflected the log P value of the 

xanthones. Compared with xanthones, flavonoids had 

a lower log P value : 1. 9 for naringenin, 1. 51 for 

luteolin, 0.74 for kaempferol, 0.35 for quercetin, and 

2 . 86 for naringenin. These results suggest that 

flavonoids could penetrate to the inner part of the 

bacterial cell, but did not have antibacterial 

capacities. Moru et al. reported that the 3', 4' , 5' -

trihydroxy B-ring and the 3 -OH were common 

structural moieties to the flavonoids with 

antibacterial capacities1'>. These moieties could cause 

inner membrane disruption15>. Although, none of the 

tested flavonoids had 3' , 4' , 5' -trihydroxy B - ring, 

fukugetin showed some antibacterial capacity. To 

examine the antibacterial capacity of fukugetin in 

detail, antibacterial capacities of naringenin, luteolin, 

and 1 : 1 mixture (w/ w) of naringenin and luteolin 

were compared. The estimated MICs against S. 

aureus were more than 10 mg/ m£ for naringenin and 
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Table 1 Antibacterial spectrum of fukugetin, SB, and IGXE against various bacteria 

microorganism 
fukugetin 

Gram-positive 

Bacillus cereus JCM 2152 1 

Bacillus subtilis JCM 1465 1 

Enterococcus faecalis NBRC 3971 0. 5 

Listeria innocua FHC >10 

Staphylococcus aureus NBRC 3060 0. 125 

Staphylococcus epidermidis NBRC 12993 0. 5 

Gram-negative 

Enterobacter aerogenes NBRC 13534 > 10 

Enterobacter cloacae FHC 

Escherichia coli NBRC 3301 

Escherichia coli 0157 : H7 VTl, VT2 

Klebsiella pneumoniae JCM 1662 

Pseudomonas aeruginosa NBRC 3080 

Salmonella Typhimurium NBRC 12529 

Salmonella Enteritidis NBRC 3313 

Serratia marcescens JCM 1239 

>10 

>IO 

>10 

>10 

>10 

>IO 

>10 

>10 

luteolin individually, 5 mg/ mR for an equal weight 

mixture of naringenin and luteolin, and 125 µg/mR 

for fukugetin ( Table 2) . Antibacterial capacity of 

fukugetin was higher than that of its monomers, 

suggesting that being a dimer was important for its 

capacity. This result was in agreement with the 

report that flavonoid dimer shows strong 

antibacterial capacity16>. 

Conclusion 

In this study, the antioxidant capacities of a 

flavonoid and five xanthones isolated from G. 

subelliptica were evaluated using different assays 

(DPPH, ABTS, ORAC, and SOSA). The yield of 

fukugetin, GXA, GXE, IGXE, SA, and SB from 1500 

g of G. subelliptica balk was 9 g, 18mg, 90mg, 48mg, 

548mg, and 29 mg, respectively3>. 

Fukugetin had radical scavenging capacity and 

Table 2 Antibacterial activity of naringenin, luteolin, 
and fukugetin against S. aureus NBRC 3060 

naringenin 

luteolin 

naringenin + luteolin 

fukugetin 

MIC (mg/mR) 

>10 

>10 
5 

o. 125 

MIC (mg/mR) 

compounds from Fukugi 

SB IGXE 

>10 >10 
>10 >IO 
10 10 
10 10 
10 10 

>10 10 

>10 >10 

>10 >10 

ORAC comparable to luteolin, kaempferol, and 

quercetin, whereas SOSA of fukugetin was 1.6 and 

2.5 times higher than that of luteolin and quercetin. 

In addition, fukugetin showed antibacterial capacity 

against gram-positive bacteria. In contrast, luteolin, 

kaempferol, and quercetin did not show any 

antibacterial capacity. These results suggest that 

fukugetin is a promising compound with both 

antioxidative and antibacterial activity. 

Five xanthones isolated from G. subelliptica also 

showed radical scavenging capacity comparable to 

luteolin and kaempferol, but showed higher SOSA 

than luteolin and quercetin. The ORAC of the 

xanthones was lower than that of flavonoids. The 

xanthones IGXE and SB showed weak antibacterial 

activity against gram-positive bacteria. 

Considering the antioxidant activity, antibacterial 

activity, and bioavailability, we conclude that 

fukugetin is a potential natural compound for the 

food industry. In our future studies, we intend to 

examine the cytotoxic effects and DNA damage

protecting effect of fukugetin. 
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フクギ (Garciniasubelliptica)由来フクゲチン

およびキサントンの抗酸化活性と抗菌活性

小林弘司＊・山内良子＊・南 育子＊

鍛冶屋明子＊• 長藤信哉＊• 石川洋哉＊

＊ 福岡女子大学国際文理学部

(〒813-8529 福岡県福岡市東区香住ヶ丘 1-1-1)

フクギ (Garciniasubelliptica) から抽出したフクゲチ

ン色素と 5種のフラボノイドの抗酸化活性と抗菌活性を

調べ，それらの構造類似体と活性を比較した。化合物の

抗酸化力価は，測定原理が異なる複数の方法［ラジカル

消去活性 (ABTSおよびDPPH法），酸素ラジカル吸収

能力 (ORAC), スーパーオキシド消去活性 (SOSA)]

で測定した。測定した全ての化合物は，それぞれの方法

において高い抗酸化活性を示した。特にナリンゲンとル

テオリンのフラボノイドニ量体であるフクゲチンは最も

高い抗酸化活性を示し，その活性は既知の抗酸化物質と

同等の力価値であった。フクゲチンを構成するルテオリ

ン構造が， DPPH法とABTS法において高い活性値に寄

与し，ナリンゲンとルテオリンの構造の相加効果が

ORAC法における高い抗酸化能に寄与していることが示

唆された。また，フクゲチンはグラム陽性菌に対して抗

菌活性を示した。デイスク拡散法による最小生育阻止濃

度は0.125から 1mg/叫であり，ケンフェロールやケルセ

チンなど既知のフラボノイドと同等であった。以上，フ

クゲチンは抗酸化剤としてのみならず抗菌剤として有望

であることが示された。

（平成29年7月6日受付，平成29年10月26日受理）
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